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of the final states. The theoretical cross sections agree well with the experimental 
data. 
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1 Introduction 



Recent experiments on the production of - mesons in the reaction pd K'^XN, 
where X is a hadronic state with strangeness S = —1 and baryon number B = 2 and N 
is a nucleon, have led to the prediction for the ratio of the cross sections for the reactions 
pp — > K~^X and pn —>■ K^X 

The estimate has been obtained for proton beam energies Tp = 1.83 GeV and Tp = 
2.02 GeV giving i? ~ 3 and i? ~ 4, respectively, to fit the experimental data on the 
differential cross section for the reaction pd —>■ K^XN |Tj. The parameter R has been 
used as an input parameter. This has been justified by the fact that the scattering of the 
proton by the deuteron can be treated in the impulse approximation [2], since there is no 
indication for any collective target behaviour P (see also 

Since the main contribution to the cross sections for the reactions pp K^X and 
pn K^X comes from the channels pp — phPK^ and pn nJSPK^ Hj, the ratio 
Eq. ljl.lj) can be rewritten as follows 

a{pn nA^K+) 
^= aipp^pA^K^) ^^-^^ 

Can such a ratio be valid near threshold of the final state NA^K+ ? fE]. 

A theoretical explanation of the ratio i? ~ 3 — 4 near threshold of the final NA°K+ 
state has been proposed in |lj and 0. As has been pointed out in the value i? ~ 3 
can be mainly due to the dominant contribution of the p- meson exchange in addition 
to the contribution of the resonances iV(1535) and A^(1650) with the quantum numbers 
/(J^) = ) [Zj, described within the Breit-Wigner approach [Hj. In |1] the cross 
sections for the reactions pN — > NA^K'^ have been calculated within the resonance 
model of NN scattering for energies of the incident proton far from threshold. Within 
such an approach the ratio R can be obtained assuming the validity of the cross sections 
in the vicinity of threshold [HI- Recently PTO] the strangeness production in pp collisions 
pp —>■ pA^K^ and pp —>■ pTPK^ near threshold of the final states has been analysed by 
using chiral Lagrangians with linear realization of chiral symmetry and non-derivative 
meson-baryon couplings The matrix elements of the transitions pp pA^K^ 

and pp — >■ pTPK^ have been calculated in the one-meson exchange approximation |15j . 
For the calculation of the amplitudes of the reactions pp pA^K^ and pp pTPK^ 
there has been taken into account the pp rescattering in the initial state, i.e. the initial 
state interaction JHl, and pA^K^ and pTPK^ final-state interaction ITHj . As has 
been shown in the same analysis of the strangeness production has turned out to be 
very useful for the correct description of the reactions K~d — NY of K~d scattering 
at threshold, where NY = nJ]^ and nA^. In this paper we apply such an analysis 
of the strangeness production to the calculation of the cross sections for the reactions 
pN NA^K~^ near threshold of the final state NA^K^ and the ratio R. 

The paper is organised as follows. In Section 2 we calculate the cross section for the 
reaction pp pA^K^ . The obtained result agrees with the experimental data ^20j with 
an accuracy better 16 %. We show that the contribution of the vector p- and a;°- meson 
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exchanges to the cross section for the reaction pp — >■ pA'^K^ makes up about 9 % only. 
In Section 3 we calculate the cross section for the reaction pn — > nA^K~^. We calculate 
the cross sections for the reactions with the pn pair in the state with isospin 1 = 1 and 
isospin / = and demonstrate that R^^^^^ = a{{pn)j=i nlsPK^) / a{pp pA^K^) ~ 1. 
We find that the contribution of the vector p- and cu^- meson exchanges to the cross 
section for the reaction {pn)i=i — >■ nA^K~^ with the pn pair in the isospin-triplet state is 
about 3 %. In turn, the vector -meson exchanges do not influence on the value of the cross 
section for the reaction {pn)i=o nA^K~^ with the pn pair in the isospin-singlet state. In 
Section 4 we calculate the ratio R of the cross sections for the reactions pn —>■ nA^K'^ and 
pp —>■ pA^K~^. We get i? ~ 3. This agrees with the enhancement of the pn interaction with 
respect to the pp interaction in the reactions of the strangeness production observed by 
the ANKE-CoUaboration at COSY and the theoretical prediction in |4, and [6j. We show 
that such an enhancement is caused by the contribution of pn interaction in the isospin- 
singlet state {pn)j=Q, which is stronger than the pn interaction in the isospin-triplet state 
{pn)i=i. In Section 5 we analyse the contribution of the resonances A^(1535) and A^(1650), 
treating them as elementary particles [2I]^[2Z!- We show that the contribution of these 
resonances to the amplitudes of the reactions pN NA^K^ can be neglected with 
respect to the contribution of the ground state baryon octet coupled to the octets of the 
pseudoscalar and scalar mesons. In Section 6 we calculate the cross section for the reaction 
pp —>■ ppn^, caused by the pure ^Pq ^Sq transition with pseudoscalar and scalar meson 
exchanges. Near threshold the theoretical cross section agrees well with the experimental 
data. In Section 7 we calculate the cross sections for the reactions n^p —>■ A^K^ and 
7r~p — > A^K'^ . We show that the theoretical cross section for the reaction tt^p — > A^K^ 
agrees well with the experimental data for the energy excess e < 13 MeV [2H] and the 
results obtained within S'f/(3) chiral dynamics with coupled channels j^Hl- We show that 
for the correct description of the cross sections for the reactions vrV — > A^K^ and vr^p 
A^K^ the contribution of the resonances iV(1535) and A^(1650) as well as ZI(1750) is very 
important due to the cancellation of the non-resonance contribution. The dominant role 
of resonances A^(1535) and iV(1650) in the amplitudes of the reactions vr'^p — > A^K^ and 
TT^p — s> A'^K^ has been pointed out by Kaiser et al. [211 • In the Conclusion we discuss the 
obtained results. In Appendix A we analyse the contribution of the final-state interaction 
to the amplitudes of the reactions pN NA^K^. 

2 Cross section for the reaction pp pA^K^ near 
threshold 

Following ^ iffj and we define the amplitude of the transition pp pA^K^ in 

the tree-approximation with one-meson exchanges. A complete set of Feynman diagrams, 
describing the transition pp pA'^K^ near threshold of the final pA^K^ state, is depicted 
in Fig.l and Fig. 2. The calculation of these diagrams we carry out using chiral Lagrangian 
with non-derivative meson-baryon couplings invariant under linear transformations of 
chiral SU{3) x SU{3) symmetry JI]-^!]. Since masses of scalar partners of pseudoscalar 
mesons are not well-defined, we calculate the amplitudes in the limit of infinite masses 
of scalar mesons. According to ^21 El? such a limit corresponds to the calculation of the 
amplitudes with chiral Lagrangian invariant under non-linear transformations of chiral 
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Figure 1: The set of Feynman diagrams contributing to the effective couphng constant 
^pA°K+ PP ~^ P^^K^ transition in the one-pseudoscalar meson exchange approxi- 

mation. 
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Figure 2: The set of Feynman diagrams contributing to the effective couphng constant 
^pK°K+ PP ^ pAOi^+ transition in the one-scalar meson exchange approximation. 
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SU{3) X SU{3) svmmetrvjl4j. Of course, such an equivalence has been proved only in 
the tree-approximation |12j-)14j. 

For the derivation of the analytical expressions of these diagrams we use the meson- 
baryon interactions (see Eqs.(D.4), (D.7) and (D.9) of Ref . [T9j and also jSO]) and the wave 
functions of the initial and the final states in the particle number representation: 



b(Pl,C^l)p(P2,CT2)) = aJ(pi,(Ti)aJ(p2,CT2)|0), 



(2.1) 



where creation (annihilation) operators of baryons and the K~ -meson obey standard 
relativistic covariant anti-commutation and commutation relations [19j. 

Near threshold of the final state pA^K~^ the Feynman diagrams in Fig. 1 and Fig. 2 
can be described by the effective local Lagrangian of the transition pp —>■ phPK^ pTH I19j: 



eff 



APP 

^pAOR-^ 



. [A^{x)p{x)] [p{x)i-f^p{x)] K^^'ix) 
B;ioK4^%x)tr'pix)][pix)pix)]K+^ix) 

where the coefficients and -Bp^oj^+ are equal to 



+ 



(2.2) 



APP 

pAOK+ 



1 {3-2an)gl 



NN 



+ 



y/3 ml + 2mNTN 
2 an {2aD — 1 
a/3 ml 
1 (3- 



^3 

ynNN 



rriN + rriAo + rriK 

rriY; + rriK — rrii^ 



+ 2m AT Tat m 
2aD){3-AaDfglj^^ 



I + 2mKTN 



{rriN 
1 



3V3 
2 an {3 



+ 2m7vT7v 



2aD){3-AaD)glNN 



m\o + rriK — trj^ 



3^3 
1 



mt + 2mNTN 



{3-2aD)gl 



NN 



tdPP 

^pAOR-i 



+ 



+ 



2\f3g\ ml + 2mNTN m^ 
1.93 X 10^'^MeV-^ 
1 (3 



+ 



m 
1 (3 



\ + 2mKTN 



- {mN 
iao) glNN 1 



rriK] 



+ 2mivT7v 



2«D)^^^iV7V 



+ mK — mN 



3^/3 m\ + 2mAoTN 
1 (2aB-l)'(3- 



- (mAO — m^ 
2"^) g^NN 



)2 ^2 



^ + 2mKTM - 
mY, + mx 



{mN - 
- mN 



mxj 



a/3 mj^ + 2mAoT/v — {mAo — mN^ m^ + 2mKTN — {jriN — mx)' 



{3-2an)gl 



NN 



V3g\ mj^ 
-0.35 X lO^^MeV"^ 



+ 2mAoTN — {mAO — mN)^ mN 



(2.3) 



where g,, 



NN 



13.21 is the coupling constant of ttNN interactions ^31j, gA = 1.267 
is the axial- vector coupling constant, renormalized by strong low-energy interactions, 
= 92.4 MeV is the PCAC constant and an = D/{D + F) = 0.635 is the Gell- 
Mann parameter jTj, T/v = En — mN = {mAo + mx — mN)/2 = 335 MeV is the kinetic 
energy of the relative motion of the protons at threshold in the center of mass frame, 
calculated for tun = 940 MeV, mAO = 1116 MeV and rriK = 494 MeV. We have used also 
ms = 1193 MeV, = 140 MeV and = 550 MeV ^. 
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By a Fierz transformation we get 

[A^{x)p{x)][p{x)i'y^p{x)] = 

[A^{x)i'j^p{x)][p{x)p{x)] = 



-^[A°(x)«7V(x)][p'=(x)p(x)] 
+ ^ t [A%x)-f^p%x)][p^{x)Yl^p{x)] + ..., 
-i [A^{x)i-f^p''{x)][p''{x)p{x)] 
~i[A\x)-f^p%x)][p''{x)Yl^p{x)] + ... . 



(2.4) 



Hence, the effective Lagrangian of the transition pp pA^K^ is equal to 
^^^'^\x) = 



rPP- 
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'So' 



+ i ^tAol^K^ [A\x)^Yp''{x)]mxh,l'p{x)] K^\x) 



(2.5) 



where the first and the second terms describe the production of the pair in the ^Sq 
and ^Si state by the pp pair in the ^Pq and ^Pi state, respectively. The effective coupling 

are equal to 
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(2.6) 



The total cross section for the reaction pp —>■ pA^K^ is given by 
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where e = 2En- — mx — fri/^o — m^v is the excess energy for the relative energy of the pp 
pair in the center of mass frame = y'p^Tm^. It is measured in MeV. The function 
flp/^OK+{e) is related to the account for the final-state interaction in the pA" and pK~^ 
channels defined in Appendix A (see also JHI)- For ^ > 6.68 MeV the contribution of the 
Coulomb repulsion in the K~^p pair makes up about 15%. Therefore for e > 6.68 MeV 
we carry out the calculation of flp/^OK+ (e) at the neglect of the Coulomb repulsion. 

The amplitudes /(pp)^^ (po) and f{ppy^^ (po) describe the pp rescattering in the ^Pq and 
^Pi state at threshold of the final pA°K+ state, respectively. The detailed procedure 
for the calculation of the amplitudes f{pp)^^ ipo) and f(pp)^^ (po) is expounded in jTHI- 
Following this procedure one gets 
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where the effective couphng constants C(j,p)^^ (po) and C(j,p^^^ (po) are defined by the 7r° 
and T) - meson exchanges ^ . 



For the relative momentum of the pp pair po = ^jT^iT^ + 2miv) = 861 Me V at 
threshold of the reaction pp pK^K^ , the effective coupling constants C(pp)3p (po) and 
C(pp)3p (po) amount to |19j 

= 3.05 X 10-^MeV-^ (2.9) 
The cross section for the reaction pp pA^K^ is equal to 

= (1.50 £^ + 3.70 £^)r]pAOi^+(£)nb = 3.49 e^nb, (2.10) 

where Qpj^ox+{£) = 0.67 is calculated at e = 6.68 MeV (see Appendix A). The theoretical 
value ()2.10p agrees with the experimental data c'"^^^^^°^^(£:)cxp = 3.68 e^nb 1201 within 
an accuracy better than 6 %. 

Now we take into account the contribution of the and a;*^- mesons. The effective 
Lagrangian of the pp pK^K^ transition, caused by the vector -meson exchanges, is 
equal to^ 

+ . . _ 1 (3 - 2az)) 5(^7VAr \ 



"""^ ^""^ 2^3 + 2mNTN rriN + rriAo + niK 

X i [A°(x)7^7^p(x)][p(x)7''p(a;)] K^\x). (2.11) 
By a Fierz transformation we reduce the effective interaction to the form 
i [A°(x)7^7^p(x)][p(x)7''p(x)] - [k^{x)i'^^p''{x)][p''{x)p{x)] 

- i [K\x)i^^p\x)W{x)Y^''p{x)] + .... (2.12) 



^(PP)3 



The contributions of the and (^°- meson exchanges to the coefficients C^^^^q^° ^+ and 

^Cft^' = - 2 (i^^^^W^ 1 = _0.3o X 10-«MeV-^ 

^^Jlir^ = ^ = +0.15 X 10-^MeV-l (2.13) 



^By using our expression for the amplitude /(pp)3p (Po) B.iid the results obtained in jT^ we can estimate 
the values of the phase shift (53p^(po) and the inelasticity ri3p^{pQ) oipp scattering in the ^Pq state. We get 
53Pu(po) = — 63.0° and ?73pjj(po) — 0.80. This does not contradict the SAID analysis of the experimental 
data ISIESI: ^i^-oivo) = - 62.7° and ?73p„(po) = 0.65. 

^ Since we compare are results with those by Faldt and Wilkin 0, for the calculation of the contribution 
of vector-meson exchanges we follow Faldt and Wilkin ^ and treat vector mesons as Yang-Mills fields 
|11[I14| . The interactions of vector mesons with hadronic fields are defined by a minimal extension |11[I14| . 
For the derivation of the Lagrangian of the interactions of baryons with vector mesons one can use the 
Lagrangian (D.4) of Ref-^Hl with the replacements gj^NN — > 3p/2, an 0, 17^ — ^ 7*", it[x) — > jOp(x) and 
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For the numerical calculation we set irip = = 780 MeV [7| . The contributions of 
the and cj"- meson exchanges to the effective coupling constants C^pp-)^_^ (po) and 

C'(pp)3p^ (Po) amount to 

SC(„p), = -^£n(l + ^] =-0.43x IQ-^MeV-^ 

^C(pp),^ = + =+ 0.22 X 10^4 MeV-2. (2.14) 

This gives |/(pp)3p^(po)| = 0.16 and |/(pp)3p (po)| = 0.22. The cross section for the reaction 
pp — > pA^K^ with the and ci;°- meson exchanges is 

^pp^pAOX+^^^) ^ ^(PP)3Po^(M")lsoi^+(^^^) ^^(pp)3p^->(pA")3s^X+^^^| ^ 

= (2.19 + 2.55^2) ^]pAOi^+(e)nb = 3.18 e^nb. (2.15) 

Thus, the and a;°- meson exchanges decrease the value of the cross section for the 
reaction pp pA^K~^ by about 9 % and lead to the agreement with the experimental 
data aPP^P^°^^{e)e^p = 3.68 e^nb W with an accuracy about 16%. 

3 Cross section for the reaction pn nk^K^ near 
threshold 

The pn pair in the reaction pn —>■ nhPK^ can interact both in the isospin-triplet {pn)i=i 
state and isospin-singlet {pn)i=o state. According to the generalised Pauli exclusion 
principle, the pn pair with isospin 1 = 1 can be in the ^Pq and ^Pi state with the 
rzA° pair in the ^Sq and ^Si state, respectively, whereas the pm pair in the state with 
isospin J = can be in the ^Pi state only with the nhP pair in the ^Si state. 

A complete set of Feynman diagrams for the pn — > nhPK^ transition near threshold 
of the final state is depicted in Fig. 3 and Fig.4. The wave functions of the initial and 
final states we take in the form 

\p{pi,ai)n{p2,a2)) = aj(pi, ai)4(p2, fT2)|0), 
\n{kn,(Tn)A'^{kA,(TA)K^{QK)) = a],(A;„, a„)a],^(/cA, crA)c^+ (Qi^) |0), (3.1) 

The matrix element of the pn nhPK'^ transition, defined by the Feynman diagrams 
in Fig.3 and Fig.4, is described by the effective local Lagrangian of the transition pn 
nk^K+: 

j^pn-^nAOK^ = (^-^o^^ [A°(x)n(x)] [n(x)^7'j9(x)] + S^:;o^+ [A°(a;)p(x)] [n(a:)z7'n(x)] 
+ CZo^4A%x)zjMx)Mx)p{x)] + Dll,^4A%x)zj'p{x)MxMx)]), 
xK+^{x), (3.2) 

where the effective coupling constants A^ox+y ^^ok+, C^ox+ and D^ok+ are equal to 

^pn ^ 2 {3-2aD)gl^^ 1 

^/S ml + 2mNTN + m^o + mx 
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Since at low energies the nA° pair can be produced in the ^Sq and "^Si state only, we have 
to extract these interactions from the effective Lagrangian Eq. ()3.2|) by a Fierz transfor- 
mation. We get 

[A^{x)n{x)][n{x)i-f^p{x)] = - ^ [A°{x)i'y^n''{x)][n''{x)p{x)] 

+ \ [K\x)i-i^n\x)][n^{x)-i''-i^p{x)] - \ [A°(x)ia^^n"(x)][n^(x)a''^7^p(x)] + . . . , 
4 o 

[K^{x)p{x)\[n{x)i'-)^n{x)] = - ^ [hP{x)i'-^^7f{x)][n''{x)p{x)] 

+ - [A°(x)i7^n^(x)][n^(x)7^7^p(x)] + \ [K^{x)io^^n\x)][n''{x)a^'''-i^p{x)] + . . . , 
4 o 

[K^{x)i^^n{x)][n{x)p{x)] = — ^ [k^{x)i^^rf{x)][n''{x)p{x)] 

- - [k^{x)i-i^n%x)][n^{x)-i>'-i^p{x)] - \ \k'^{x)^a^^rf{x)][n^{x)a^'''-i^p{x)] + . . . , 
4 o 

[hP{x)i'^^p{x)][n{x)n{x)\ = — - [K^{x)i'^^n'^{x)\[n^{x)p{x)] 

- \ [K\x)i-f^n\x)][n-{x)-f''-f''p{x)] + I [K\x)ia^,n\x)][n-{x)a>'''-f''p{x)] + .... (3.4) 
4 o 

Hence, the effective Lagrangian of the pn nK^K^ transition is equal to 



+ 



\ C^aZIk^ [A\x)z^,n%x)mx)Yl'p{x)] K^\x) 

- \ ctXlK^ [K\xYa,^n\x)W{x)a^'^^'p{x)] K^\x\ (3.5) 

where the first and the second terms describe the production of the nhP pair in the ^Sq 
and ^Si state by the pn pair in the isospin-triplet and the ^Pq and ^Pi states, respectively, 
the third term corresponds to the interaction of the pn pair in the isospin-singlet and the 
^Pi state. At threshold for the pn pair in the ^Pi state with isospin J = the nhP pair 
produces itself in the ^Si state. 

The effective coupling constants are equal to 

„(P»^)3pg _ 1 , pn jjpn ^pn . p.pn n _ 



= +1.72 X 10"^MeV"^ 

(pn)3p^ _ \ ( Apn rypn _ ^pn _ p.pn 

'-'(nA0)3g^i^+ — 2 ^ nAOK+ "t" ^nAOK+ ^nA^^K+ ^riA 

= +1.04 X 10"^MeV-^ 

,,(p™)lpj^ 1 / .pn tdP^ I /^pn nP'^ 



vi-.v-ip^ _ - , ,pn _ rjpn . ^pn _ j^f 

(nA0)3g^i^+ — 2 ^ nAOK+ ^ '^nAOK+ ^riA^^K+)~ 

= -1.95 X 10~^MeV-^ (3.6) 
The total cross section for the reaction pn —>■ nhPK^ is given by 

^pn^nAOi^+^^^ = - (a(P")^-l^"^''^+(£) + a(P")/=0-nAO/r+^^^^^ ^3_-^^ 
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where the cross sections (t(p")^=i^"^''^^(5) and cr^P"-)r=o^nA'-'>K+ ^^■j ^^^.^ (jggned by 



2 (a 



£ Po 



6477^ rriK Eq Vm^ + fnj>^o + 171^) 



3/2 



Po 



/(pn)3p„ [Po] 



+ 3 



2a 



(pn)i 



3/2 1 



647r^ rriK Eq yrriK + Tn\o + rriN 



{pA°)3s,K+ 



^inA0)3 K+ 



/(pn)3p^(Po) ]^nAOK+{^) 



nAOK+ 



[e). (3.8) 



The function QnAOK+ i^) takes into account the final-state interaction in the channel 
(see Appendix A). The amplitude f{pn)ip (po) describes the rescattering of the pn pair in 
the isospin-singlet and ^Pi state. 

Since the amplitudes of the pn rescattering in the ^Pq and ^Pi state, /(pn)3p (Po) and 
/{pn)3p (Po), are equal to the amplitudes of the pp rescattering, the value of the cross 
section for the reaction [pn)j=i —>■ nA^K~^ is equal to 



a 



(pn)j^l^nAOK+ 



e) = (1.71 6^ + 3.21 e2)fi„A0^+(e)nb = 3.30 e^nb. 



(3.9) 



where flnAOR+i^) = 0.67 for e = 6.68 MeV (see Appendix A). 

For the cross sections of the reactions {pn)j=i nA^K^ and pp — > pA^K~^, defined 
by Eqs.dmU} and (jSIHl), we get the ratio 



^ipn)i^l^nAOK+(^^^ 
^pp~^pAOK+ 



(3.10) 



agreeing well with isospin-invariance of strong pN interactions. 

According to jTHI, the result of the calculation of the amplitude f{pn)ip (po) is 



l/{p")ip, (Po)| 



C'(pn)iPi(Po) pI 



247r2 



E 



N 



in 



En+Po 
En-Po 



— ITT 



-1 



0.49, 



(3.11) 



where the coupling constant C(p„)jp (po) is defined by the vr- and 77 -meson exchanges 
and is equal to C(p„)jp (po) = C'(pn)3p (Po) = 3.05 x lO'^^MeV"^ [12]. The cross section 
for the reaction {pn)i=Q nA^K^ amounts to 



0" 



23.50 ^2 a„AO^+ (e) nb = 15.75 e^nb. 



(3.12) 



For the total cross section for the reaction pn nA^K^ we get 



cr 



pn^nA'^ K+ 



{e) = l((x(P")^=i-"'^°^+(e) + cr(^'")^=°^"'^°^^(£)) 



^^pn^nA'^K+^^^ + a(p")i=i-«A''^+ (e) = 9.52 e^nb, (3.13) 



where we have denoted 



Aaf"^"^°^^(£) = l(a(f")^=o^"'^°^+(£) - a(^'")^=i^"'^°^^(£)) = 6.22 e^nb. (3.14) 
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Now we can take into account the contribution of the vector meson exchanges. Unhke the 
reaction pp — > pA^K~^ the contribution of the and a;*^~ meson exchanges is cancelled 
and there are only the contributions of the charged p- meson exchange. The effective 
Lagrangian, caused by the charged p- meson exchanges, is equal to 



By a Fierz transformation 



2a/3 im?p + 2mNTN rriN + rriAO + tuk 
X [A°{x)i^^'y^n{x)][n{x)Yp{x)] K+\x). (3.15) 



[A°(x)i7^7^n(a;)][n(x)7''p(x)] = -^[A°{x)i^^n''{x)][n''{x)p{x)] 

- ^ [A°{x)i-f^n^{x)][n^{x)-f^-f^p{x)] + ... (3.16) 
we obtain the contributions of the charged p- meson exchanges to the effective coupling 

constants ^^^^0)^^^k+, <^(„A0)3g^K+ '^(nA0)3s^K+ 

^c'rl:^'K. - _J_(IZp^h:iI^ 1 = -0.04xlO-^MeV-^ 

= 1 (3-2a^^)^^ 1 =+o.04xlO-«MeV-^ 

KtZ^K. - 0. (3.17) 

The contributions of the charged p- meson exchanges to the effective coupling constants 
Cipn)3p^{Po) and C(pn)3p^{Po) amount to 





_ 4p|^ 










Apl V 


9 

rrip 



^Cipnhp bo) = +f^^n 1 + ^ =+0.22x 10-^MeV-^ (3.18) 

This gives |/(pn)3p (Po)| = 0.16 and |/(pn)3p (Po)| = 0.22. The cross section for the reaction 
{pn)i=i — > nA^K'^ with the contribution of the vector -meson exchanges is 

^(pn)j^,^nA^K+ ^^^) ^ (1.86 6^ + 2.91 E^) ^nA°K+ {s) nb = 3.20 £^ ub. (3.19) 
This gives the following value of the ratio : 



(3.20) 



which is in agreement with isospin invariance of strong pN interactions. 
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The vector - meson exchanges lead to the decrease of the cross section for the reaction 
{pn)i=i — > nh^K^ by about 3 %. Thus, the total cross section for the reaction pn — > 
nls^K^ is equal to 

= (6.28 + 3.20 e2)nb = 9.48 5=^ nb. (3.21) 

Hence, due to the dominant contribution of the pn interaction in the isospin-singlet 
state, the vector -meson exchanges have practically no influence on the cross section 
for the reaction pn nh^K^ . The decrease of the total cross section for the reaction 
pn — * nAPK^, caused by the vector-meson exchanges, is about 0.4%. 



4 Ratio of the cross sections 

Using the results obtained above we can calculate the ratio of the cross sections for the 
reactions pn nhPK^ and pp — > pJSPK^. For the theoretical cross sections, calcu- 
lated with the account for vector - meson exchanges Eq. ()3.12|) and Eq. ()2.15|) and without 
vector -meson exchanges Eq. ()3.12j) and Eq. ()2.1()|) . we get 

R=- ^3. (4.1) 

^pp~*pAOK+ V ^ 

The obtained result confirms an enhancement of the pn interaction with respect to the pp 
interaction near observed by the ANKE-CoUaboration at COSY In our analysis such 
an enhancement is due to the contribution of the pn interaction in the isospin-singlet 

state AaP"^"^°^^(£) = l{a^P^h=o^^^°K+ _ ^(pn),=i^nA«i^+^^)) ^ q ^^^ 

5 On the A^(1535) and A^(1650) resonance exchanges 

As has been pointed out by Wilkin [8], an important contribution to the cross sections for 
the reactions pN NA^K'^ should come from the exchange with the A^(1535) resonance 
pij . This is the S'ii(1535) resonance with the quantum numbers I{J^) = ^(| ) [33j. 

The inclusion of the iV(1535)-resonance exchange demands the knowledge of its in- 
teractions with the octets of the ground baryons and the pseudoscalar mesons. Since the 
A^(1535) resonance is the member of octet jHSl; the effective Lagrangian of its interactions 
with the ground state baryons and the pseudoscalar mesons reads 

'^^PBNi(a;) = V2gnNNiP{x)ni{x)n^{x) + V2g^NNifi{x)pi{x)7i'{x) 
+ g^NNi [p{x)pi{x) - n{x)ni{x)] n°{x) 

+ ^"^i) 3nNNi [pix)pi{x) + n{x)ni{x)] r]{x) 

+ ■^{3-2aDi)gnNmA°{x)pi{x)K-{x) + ... + h.c., (5.1) 
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where Ni{x) = {pi{x) , ni{x)) are the local interpolating field of the resonance iV(1535), 
which we treat as an elementary particle ^I]-|2ZI as well as the A(1232) resonance [221I2S1- 
Due to the ambiguity of the parameters of the A^(1535) resonance the numerical value 
of the contribution of this resonance is rather ambiguous 7J. Below we use the following 
parameters: the mass mAr(i535) = 1520 MeV, the width rAr(i535) = 100 Me V and the 
branching ratios S(A^(1535) ^ A^vr) = 40% and S(A^(1535) ^ Nr]) = 35%. We leave 
25 % of the total width for other decay channels such as A^(1535) A(1232)7r and so on 
[7j. For such a choice of the parameters the coupling constants are equal to q-^nni = 0.53 
and aoi = — 0.52. 

For the reaction pp pK^K^ the A^(1535) resonance gives the contribution only to 
the effective coupling constant A^ppfiK+- 

, _ 1 (3 - 2aDi)gT,NN qInn^ 

^pK0K+)N{lb3b) - —r^ — — — 

V3 "^iVi — "^AO — 



y/6 I 'I'M! — "'AO — iii-K 



ml + 2mArT7v 3 + 27X1 ^T^ 



We can also take into account the contribution of the A^(1650) resonance (the S'ii(1650) 
resonance) with the quantum numbers I{J^) = \{.\ )? which is the octet partner of the 
resonances A(1800) and S(1750) jHS]. The coupling constants of the A^(1650) resonance 
with the ground state baryons and the pseudoscalar mesons are equal to gT,NN2 = 0-62 and 
aD2 = 1-lT. They are calculated for m7v(i650) = 1640 MeV, 5(iV(1650) ^ A^vr) = 70% 
and 5(iV(1650) ^ A^K) = 10% and r^(i65o) = 170 MeV pj. 

The A^(1650) resonance as well as the A^(1535) resonance gives the contribution to the 
effective coupling constant Ap^j^ox+- The result is 



(^^pAOX+)^(1650) 



1 {?, — 2am)gTTNN glNN2 
v/3 ttln^ - m^o - niK 



X 



1 1 (3-4«^i)(3-4« 



D 



.ml + 2mNTN 3 + 2mNTj^ 



0.08 X lO^^MeV"^ (5.3) 



Hence, the total contribution of the resonances iV(1535) and A^(1650) is about 8 %. 

The values of the parameters of the resonances A^(1535) and A^(1650) are rather am- 
biguous. Nevertheless, as we show in Section 7 our choice of the parameters of the 
resonances A^(1535) and A^(1650) fits well the experimental data on the amplitude and 
the cross section for the reaction 7r~p — hPK^ near threshold of the JSPK^ state. 

We would like to accentuate that a cancellation of contributions of the resonances 
A^(1535) and A^(1650) occurs only in the Lagrangian approach, where the resonances are 
treated as elementary particles |2I]^|2ZI- We cannot claim that such a cancellation be- 
tween the contributions of these resonances should be within the approaches developed by 
Wilkin et al. |6ii8j or by Sibirtsev et al. [4,^, where the iV(1535) and A^(1650) resonances 
were described within the relativistic generalisation of the Breit-Wigner approach [7j. 

Thus, treating the the resonances A^(1535) and A^(1650) as elementary particles we 
have shown that the total contribution of the resonances iV(1535) and A^(1650) to the 
matrix elements of the pN NA'^K'^ transitions near threshold of the final state is less 
important in comparison with the contribution of the ground state baryon octet coupled 
to the octets of the pseudoscalar and scalar mesons. 
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6 Cross section for the reaction pp 



ppn 







In this Section we show that the same procedure, which we have used for the analysis 
of the strangeness production in pN colhsions near threshold, can be applied well to the 
description of the reaction pp pprc^. 

Near threshold the reaction pp —>■ pprc^ is defined by a pure ^Pq — > ^Sq transition 
EHl^lSn]- The effective Lagrangian responsible for the {pp)3pg (pp)iSo^° transition, 
calculated in the analogy with the effective Lagrangians (j2.2j) and (j3.5p . is 



(6.1) 



The effective coupling constant C^p^o is equal to 



Cpp^o(Po) 



1-4 



^ 1 (3-4a^^g 



gX/ml+p^ 3 m^+p^ 



Aan ^ 



6.04 X lO^^MeV" 



(6.2) 



where po = 362.2 MeV is a relative threshold momentum of the pp pair in the initial state. 
For the cross section for the reaction pp ppn^ we obtain the following expression 



a 



PP—I-PPT^ 



1 



Po £ 



0.43 VlppT,o{e) /ib. 



3/2 



I Cpp^o (Po) r I /(pp)3p„ (Po ) I ^^pp^o {e) 



(6.3) 



where |/(pp)3p (po)| = 0.38 Eq. ()2.8|l . The excess energy e is related to the kinetic energy 
of the proton in the laboratory frame as e = | Tjv — ttIt^. It is measured in MeV. The 
function VLpp^^o (e) is defined by the phase volume of the ppn^ state. It is given by 



71" Jo 



(6.4) 



The wave function ippplk), describing the final-state interaction in the pp channel account- 
ing for the Coulomb repulsion, is determined by |^ (see also [¥T]): 



i5;Jk) sin 5;^{k) 



e pp 



Co (A:) 



-al^kC^{k) 

where we have denoted 
Cl{k) 

h{2krc) 
ctg5;p(A;) 



1 - 1^ «pp^;p^' + 7^ h{2krc) + tal^kC^{k) 

Z I (J 



-, (6.5) 



TT 



krc gV"/ krc _{ 

oo ^ 

-7 + in{2krc) + V -yz - 



n=l 
1 



c> 



Co(/c) k L ttpp 
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- — + 2^pp^'--^(2A;rc) 



1 



(6.6) 



where 7 = 0.57721 ... is Euler's constant, tq = l/niiqa = 28.82 fm with a = 1/137.036 is 
the fine-structure constant, 5pp(fc) is the phase shift of low-energy elastic pp scattering 
in terms of the S-wave scattering length a^^ = (—7.8196 ± 0.0026) fm and the effective 
range r^^ = (2.790 ± 0.014) fm jHOl- At a — and k ^ the wave function ipppi^k) tends 
to unity i'ppik) — > 1 (see [10] and Appendix A). 

The theoretical cross section for the reaction pp — >■ ppir^ together with experimental 
data are depicted in Fig. 5. In Table 1 we adduce numerical values of the theoretical and 
experimental cross section for the reaction pp ppn^. 



2.5 5.0 7.5 




Figure 5: The theoretical cross-section for the reaction pp ppn^, defined by the ^Pq 
^So transition. The experimental data are taken from [HH], is a kinetic energy of the 
incident proton in the laboratory frame. 
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(j(e^P)(Tjv) 


0.56(3) 


0.70(3) 


0.82(3) 


0.98(3) 


1.22(4) 


1.31(4) 


1.45(4) 


1.53(4) 




0.55 


0.69 


0.82 


0.95 


1.08 


1.21 


1.33 


1.45 



Table 1: The theoretical and experimental values of the cross section for the reaction 
pp ppiT^, caused by the ^Sq transition. The experimental data are taken from 

jHE]- The cross section is measured in fib. 



The theoretical cross section agrees well with the experimental data. This implies that 
the analysis of the strangeness production near threshold of pN collisions given above 
works also well for the description of the pion-pro duct ion in the pp collisions. The cross 
sections for other channels pN NNn can be calculated in a similar way. 

7 Cross section for the reaction n^p K^A^ 

Within chiral Lagrangian approach the reaction n^p —>■ K^A^ has been investigated in 
|29j (see also ^Hl)- Due to isospin invariance the amplitude of the reaction n^p K^A^ 
is related to the amplitude of the reaction n^p K^A^ as 

Mi'K-p^ K^A^) = V2M{n^p^ K+A^). (7.1) 
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The relative threshold momentum of the n^p pair is equal to Pq = 520 MeV. At threshold 
we define the amplitude of the reaction ir^p — > K~^A^ 

M^-K^p K+A^) = 87T{mK + mAo) aK+Ao{po) (7.2) 

and the cross section |2H1 

a-°P^K+A\p^,) = A^^ AO Pk^ AO. (7.3) 

Here Pk+ao is a relative momentum of the K^A^ pair, measured in GeV, and A^+ao is 
equal to 

Ak+ao = — \aK+ AO {Po)\'^- (7.4) 
Po 

For the amplitude a^+Ao we obtain the following expression 

y/mAomjv r 1 / oInn oInn 1 
aK+Ao[Po) = -r-7 : r W - 2«Dj I : : — 7, 

2 ^ qInn ("^so + mK- tun) 1 (3 - 2aDi) qInn^ 

1= (^Dy^oiD ~ t ) — 5 — — -= 

V3 "^so + ^^kTn - [rriN - rriKY V3 - rriK - rriAo 

1 {'i-2aD2)glNN2 2 ,^ ^, ^^iViVa ("^EO + - "^x) " 

+ — =az)2(2aD2 - 1) 



^mN^-rriK -rriAo a/3 m'^o + 2mKTN - {rriN - . 

= (0.109 - 0.190eo + 0.073jvi - 0.047iV2 + O.OOSeJ f m = - 0.050 fm, (7.5) 

where m^a = 1750 MeV. We remind that the resonance S(1750) is the octet partner of 
the A'^(1650)-resonance [7]. One can show that the contribution of the resonance S(1620), 
the octet partner of the resonance A^(1535) [7j, is negligible small. 
For the constant A^+ao we get the value 

Ak+ao = 0.61 mb/GeV. (7.6) 

Due to isospin invariance the constant A^oao of the reaction 7r~p — > K^A^ is equal to 

Akoao = 2Ak+ao = 1.22mb/GeV. (7.7) 

Near threshold of the reaction tt~p K^A^ the constant A^oao defines the cross section 

m 

a--p-*K'^\p^^^) = Akoao Pkoao, (7.8) 

where p^ab is a 7r~-meson momentum in the laboratory frame and Pkoao is the relative 
momentum of the K^A^ pair. The theoretical value Aj^+ao = 1.22mb/GeV agrees well 
with the experimental data aJoao = (1-23 ± 0.23)mb/GeV j2Hl- The cross section for 
the reaction tt~p K^A^ Eq. ()7.8|) agrees also well with the theoretical results obtained 
in 121] within St/ (3) chiral dynamics with coupled channels. 
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Figure 6: The theoretical cross-section for the reaction n^p — > A^K^ with the rc^p and 
A'^K^ pairs in the S-wave state. The experimental points are taken from |j28j, p£ab is a 
momentum of the incident 7r~-meson in the laboratory frame. 



In the laboratory frame the threshold momentum of the 7r~-meson is equal to pth = 
0.887 GeV. In the vicinity of threshold the momentum Pk^ao of the K^A^ pair depends 
on the laboratory momentum p^ab of the 7r~-meson as follows 



Pkoao = ^ ■ — ■ — = 0.472 Jpj^^ - 7.9 

It is measured in GeV. For the cross section for the reaction -K^p K^A^ as a function 
of piab we get 



^^^^"^"(J^.a.) = (0.60 ± 0.11) J Pi, - Pi (7.10) 



For piab = 0.910 GeV the theoretical cross section (x^ p-*^ ^ (peab) = 0.117mb agrees well 



with the experimental one <xp^^^°'^°(p£afe) = 0.122 ± 0.010 mb 

One can see that unlike the reactions pN —>■ NA^K'^ the contribution of the resonances 
A^(1535) and A^(1650) is very important for the correct description of the reactions ir^p 
A^K^ and vr^p A^K^ near threshold of the final states j^H]- Indeed, the neglect of the 
resonance contributions leads to the increase of the cross section for the reaction 7r~p 
A^K^ by a factor 3. This disagrees with the experimental data j2H|- The importance of 
the contributions of the resonances A^(1535) and A^(1650) is caused by the substantial 
cancellation of the non-resonance contributions described by the first two terms in r.h.s. 
of Ea. (l73|l . 

In Fig. 6 we show that the region of the applicability of our theoretical cross section is 
restricted from above by the laboratory momentum p^ab < 0.910 GeV. This corresponds 
to < Pk^ap < 0.095 GeV. In terms of the energy excess this region is defined by 
< £ < 13 MeV, where e = p|.oAo/2/i and fi = rriKmAo / {rriK + rii/^o) is the reduced mass 
of the K^A^ pair. It is obvious that the curve in Fig.6 is a branch of hyperbola. 



8 Conclusion 

Using chiral Lagrangians with linear realisation of chiral SU{3) x SU{3) symmetry and 
non-derivative meson-baryon couplings we have calculated the cross sections for the re- 
actions pN NA'^K'^ near threshold of the final NA^K~^ state. We have taken into 
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account the contributions of the rescattering in the initial pN state and the final-state 
interactions in the NhP channels. We have shown that the ratio of the cross sections is 
equal to ^ 3. This agrees with an enhancement of the strangeness production in the 
pn interaction with respect to the strangeness production in the pp interaction observed 
by the ANKE-Collaboration at COSY PJ. We have explained such an enhancement by 
the contribution of the pn interaction in the isospin-singlet state, which is much stronger 
than the pn interaction in the isospin-triplet state. 

We have shown that the contribution of the vector-meson exchanges is at the level of 
a few percent. Hence, the vector -meson exchanges cannot be fully responsible for the 
dynamics of strong low-energy pN interactions near threshold of the reaction pN — > 
NK^K^ . We have also shown that the contribution of the resonances iV(1535) and 
iV(1650), treated as elementary particles, to the matrix elements of the pN —>■ NA^K~^ 
transitions does not exceed 8 %. However, such an assertion should not be valid within 
Wilkin's approach [HI E], where the main contributions to the amplitudes of the reac- 
tions pN NA°K+ come from the resonances A^(1535) and A^(1650), described by the 
Breit-Wigner shapes. 

In addition to vector-meson exchanges and resonances A^(1535) and A^(1650) one can 
estimate the contributions of the scalar meson /o(980) and the tensor meson /2(1270) [7j. 
Following and |31] one finds that the contribution of the scalar meson /o(980) 
makes up about 2 % |12], whereas the contribution of the tensor meson /2(1270) is about 

5.7% for the coupling constants gf^^^ — 2 and gf^^N — [ISlllll- Since the theoretical 
accuracy of our approach is not better than 15 %, one can drop the contributions of 
vector, tensor, exotic scalar mesons and resonances iV(1535) and A^(1650) with respect to 
the contributions of ground state baryon octet coupled to octets of pseudoscalar mesons 
and their chiral scalar partners, which are taken in the infinite mass limit. 

For the confirmation of our results, obtained for the strangeness production near 
threshold of pN interactions, we have calculated the cross sections for the reactions 
pp — i> ppvr^, 7r°p — s> A.^K^ and 7r~p — > APK^. The theoretical results agree well with the 
experimental data. Unlike the strangeness production in the pN interactions the contri- 
bution of resonances A^(1535) and A^(1650) to the amplitudes of the reactions t^N hPK 
has turned out to be very important. This is caused by the substantial cancellation of the 
non-resonance contributions, defined by interactions of ground state baryon octet with 
octets of pseudoscalar and scalar mesons. 
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Appendix A: Cross sections for the reaction 
NA^K^ accounting for the final— state interaction 

The amplitude of the reaction pN —>■ NA^K~^, where NA^ pair in the S-wave state, is 
related to the matrix element of the T-matrix as follows 

MipN iVA»A-) = l,m '^^'^"l^l"^' . (A-1) 

where TV is a 4-dimensional volume defined by (27r)^(5*-^''(0) = TV and the T-matrix 
obeys the unitary condition 

T-T^ =i T^T. (A-2) 

The amplitude M{pN NA^K^), defined by Eq. ()A-l|) . describes the total amplitude of 
the reaction pN NA^K'^ accounting for the all kinds of interactions. 

In order to separate the contributions of the final-state interaction we propose to follow 
|46j (see also and [10]). First we define the amplitude of the reaction pN —>■ NA^K~^, 
which is calculated by the diagrams depicted in Fig.l-Fig.4: 

1 V — *oo y ± 

where \NA^K^{Q))) is the wave function of the final state with free particles The 
account for the final-state interaction in the iVA° channel with the NA^ pair in the S-wave 
state can be given by means of the wave function \NA^K^{kMA)) defined by 



\NA^K+{kMK)) = e^'^iVAO ( "^a^a" ( \na'^K+ (0)) , (A-4) 

kNAo[—aNA_a) 

where /ctvao is a relative moment of the NA^ pair, 6Nho{kNho) and ctArAo are the phase shift 
and the S-wave scattering length of NA^ scattering in the S-wave state. As has been 
shown in [1^] (see also [lOj) such a wave function ()A-4|) can be obtained by summing up 
an infinite series of bubble-diagrams in the NA^ channel. 
The wave function \NA^K^{{))) is normalised by P5| 

'{K+{Q)A'N\NA'K+m = {2iTf2EK^{pK^)6'^'\pK^' -PK^) 

X (27r)=^2EAo(pAo)(5(=')(pAo'-pAo)5,^„v^„ {2^f2EN{pN)5^''\pN' -PN)5„^'a^, (A-5) 

where Pk+,Px and Px+'^Px' with X = A^,N are momenta of particles in the initial 
and final states, Ek+{pk+) is the i^^-meson energy, Exipx) and ax are the energy 
and polarisation of the particle X. Due to ()A-5|) the wave function \NA^K^{kNh)) is 
normalised as follows 

'(ir+(W)A°iV|ArA°ir+(W)) = ^^^"^NAkxK.) (2^)32^^^(p-.^^) ^i^^^^^ > _ ^^^^ 

X (27r)32£;Ao(pAo)5('HpAo ' - ^Ao) 5.^0 v^o (27r)32E^(pW)5(3)(p^ ' _ p^) s^^,^^ = P{kxAo) 
X (27r)32EAo(pAo)5(=^nPAo'-PAo)<5.^o'<x^o (271)^2^^ (pW)<5(=^) (p^ ' - p^) . (A-6) 
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The factor P{kj^/^o) can be rewritten in terms of the cross sections for A^A° scattering in 
the S-wave state 

sin2(5jvAo(^JVAo) (^^^"^^^'{kNAo) 
'^NAO^'NA" " 

where the cross sections cr^^''^^^°(/cjvAo) aiid cr^A''-^^A''(o) are equal to 



ATAO^AtaO, - Sin^ SNAojkNAo) NAO-.NAO(n,\ „2 (k 

a [kNAo) = -iTT p , a [0) = Aira^j^o. [A- 



The factor P{kj^/i^o) can be interpreted as a probabihty to find a non-interacting system 
NA'^K^ with a relative momentum /cata" of the A^A° pair jl^I- For /catao = 0, when the 
particles N and A° are separated by an infinite relative distance r^vA" ~ 1 / kjy/^o ^ oo at 
^NAO ~^ 0, the probability to find non-interacting particles in the state \NA'^K~^) is equal 
to unity, i.e. P{kj^j^o = 0) = 1. For any finite kj^j^o it is less than unity , i.e. P{kj^j^o) < 1 

The amplitude of the reaction pN A^A'^i^'^ accounting for the final-state interaction 
in the NA^ channel is defined by [46| 

M(pN ^ NA'K^) = 1„„ (A-A°^"('=«.0|T|piV) , 

' TV^oo VT 

hm -^5^^'^ikN^o) ^''^^NA<k^A'^) {NA^K+m^\pN) _ 

TV^oo k^Aoi—O-NA") VT 

= e- ^ W (fc^vAo) ^NAo{k^Ao) ^^^^^ _^ NA'K+). (A-9) 

The same result can be obtained by summing up an infinite series of bubble diagrams in 
the A^A" channel (see also |4QJ). Hence the amplitude of the reaction pN —>■ NA^K~^ 
taking into account the final-state interaction in the A^A° channel is 

M{pN ^ ArA°i^+) = e-'^NAoikNAo) ''^^NAo{kMAo) ^^^^^ ^ NA^K^), (A-10) 

fcAfA<'( — aATAo) 

where the amplitude Mq{pN —* NA^K^) is defined by the Feynman diagrams in Fig.l- 
Fig.4. 

At kN AO = we get M{pN NA°K+) = Mo{pN NA^K+). The reduction of 
the amplitude of the final-state A^A" interaction to unity at k^^o = is clear due to 
the short-range character of strong interactions. Indeed, at /ctvao = 0, corresponding 
to infinitely large relative distance of the baryons in the A^A'' pair, the baryons do not 
influence each other, since the wave functions of them do not overlap. 

The contribution of the Coulomb interaction can be taken into account according to 
the prescription jlHI and Balewski et al. [TTll^ni- This gives 

M{pN -> NA'^K^) = e-'^N^<^^^'')p^^^!^^CQ{kNK+)M^{pN NA'^K+). (A-11) 

kNAoi-aNAO) 

Here Co{kNK+) is the Gamow factor [HIH HH] 
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where a = 1/137.036 is the fine-structure constant, kNK+ is a relative momentum of the 
NK^ pair, r] = iink+ /kNK+ = ^/vnk+ is the inverse relative velocity of the NK~^ pair, 
Zjv = 1 for N = p and Zj^ = for N = n. 

In the case of the Coulomb interaction the wave function \NA^K^) has the normali- 
sation ()A-6j) with the factor P{kiy/^o, kNK+) equal to 

r>(i 1 \ r^2(i N sin^5ArAo(fcArAo) /A 1Q^ 

P{kN^o, kNK+) = CQ{kNK+) — p 2 ^ 1- (A-13) 

It defines the probability to find a non-interacting system A^A^i^'^ at relative momenta 
/catao and ki^K+- 

The cross section for the reaction pN — >■ A^A'^AT^ with the account for the final-state 
interaction is defined by 

^pN^N AO K^^^^ = A,j,e'nr,AOKAe), (A-14) 

where Apjy is a constant, calculated at threshold momentum. 

The definition ()A-14|) is correct in the vicinity of threshold, where for the calculation 
of the amplitude Mo{pN NA^K^) of the reaction pN NA^K~^ (or the constant 
Apisf) one can neglect the dependence on the momenta of the particle in the final state 
NA^K^. The function flj^j^0K+{£) is determined by 

n^AOK+ie) = ^ j hsi{e,x)5{l-x'^ ~y^)Cl{x,y)d^xd^y, (A-15) 

where the function fpsii^i describes the final-state interaction in the NA^ channel )17j . 
It is normalised to unity at e = and equal to [TTl HH] 

^^si^"' ^) = T 1^^^]^ \^2 2emAom^ , ^' (^"^6) 

1 ■ ttNAorNAOX 1 H ■ a^j^oX 

V m/^o+rriN / m/^o + rriN 

where aTVAo = — 2fm and rN\o = Ifm are the S-wave scattering length and effective 
range of A^A" scattering [T7j . 

The Gamow factor depends on the variables x and y as follows 



rj 



lmp{mxo + nip) 1 1 lmp{m\o + 



im 



{mAo +mp + ttlk) 



X-\^^ L 

rriAomK 



V 



2£mA0 



The function f^NAOK+i^) is equal to to unity for a = and a^AO = ''^nao = 0. For the 
reactions pp —>■ pA^K^ and pn nA^K^ we get 

/ rriKimAo+mp) 8 r+(^) fYsi{e,x)2-Kadvxdx / a i o\ 

%AOK+{e) = J I ; , ' 



2e{mAO+mp + mK)7T Jo J..(.) .27ra /m,(mAo+mJ^ 



- 1 
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where we have denoted 



^ ^ J mp{m^o +mp + uik) ^ 



f _ = 

and 



(A-19) 



^nAOR+i^) = — fFsi{£,x) xVl (ix. (A-20) 

For e = 6.68 MeV the contribution of the Coulomb repulsion in the K~^p pair to function 
flpAOR+is) makes up about 15%. At the neglect of the contribution of the Coulomb 
repulsion flpAox+is) = ^nAOR+{£) = 0.67 at £ = 6.68 MeV. 

In the reaction pp ppn^ the account for the final-state interaction in the pp channel 
has been carried out within the scheme expounded above. As we have shown the theo- 
retical cross sections for the reactions pp —>■ pA^K~^ and pp — * pprc^ agree well with the 
experimental data. 
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